Ultrastructural appearances of pulmonary capillaries at high transmural pressures.
Electronmicroscopic appearances of pulmonary capillaries were studied in rabbit lungs perfused in situ when the capillary transmural pressure (Ptm) was systematically raised from 12.5 to 72.5 +/- 2.5 cmH2O. The animals were anesthetized and exsanguinated, and after the chest was opened, the pulmonary artery and left atrium were cannulated and attached to reservoirs. The lungs were perfused with autologous blood for 1 min, and this was followed by saline-dextran and then buffered glutaraldehyde to fix the lungs for electron microscopy. Normal appearances were seen at 12.5 cmH2O Ptm. At 52.5 and 72.5 cmH2O Ptm, striking discontinuities of the capillary endothelium and alveolar epithelium were seen. A few disruptions were seen at 32.5 cmH2O Ptm (mostly in one animal), but the number of breaks per millimeter cell lining increased markedly up to 72.5 cmH20 Ptm, where the mean frequency was 27.8 +/- 8.6 and 13.6 +/- 1.4 (SE) breaks/mm for endothelium and epithelium, respectively. In some instances, all layers of the blood-gas barrier were disrupted and erythrocytes could be seen moving into the alveolar spaces. In about half the endothelial and epithelial breaks, the basement membranes remained intact. The average break lengths for both endothelium and epithelium did not change significantly with pressure. The width of the blood-gas barrier increased at 52.5 and 72.5 cmH2O Ptm as a result of widening of the interstitium caused by edema. The cause of the disruptions is believed to be stress failure of the capillary wall. The results show that high capillary hydrostatic pressures cause major changes in the ultrastructure of the walls of the capillaries, leading to a high-permeability form of edema.